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%e report a measurement of parity nonconservation in the transmission of 800-MeV longitudi-
nally polarized protons through an unpolarized, 1-m liquid-hydrogen target. The dependence of
transmission on beam properties ~as studied to measure and to correct for systematic errors. The
measured longitudinal asymmetry in the total cross section is AL = [+2.4 + 1.1(statistical)
+0.1(systematic)] x 10 '.

PACS numbers: 13.75,Cs, 11.30.Er, 13.88.+e, 25.10.+ s

We report the results of an experiment that searched
for parity nonconservation (PNC) in the scattering of
800-MeV longitudinally polarized protons from an un-
polarized hydrogen target. PNC arises from an in-
terference between the strangeness-conserving weak
interaction and the strong interaction and results in a
change in the total cross section when the helicity is
reversed. The longitudinal asymmetry AL is defined
as AL=(rr+ —o. )/(o++o- ), where a+ (a ) is
the total cross section for positive- (negative-) helicity
protons on the target.

Previous experimental results and theoretical treat-
ment of PNC in nucleon-nucleon scattering give an in-
complete picture of the energy dependence of the ef-
fect. Measurements' of &L in p~~-p scattering at 15
and 45 MeV have yielded small nonzero values
of AL = ( —1.7 +0.8) x 10 and AL = ( —1.5 +0.2)
&10 7, respectively. Both low-energy results are in
good agreement with theoretical predictions based on a
meson-exchange model ~ and a hybrid quark model.
A high-energy experiment, s with 6-GeV/c protons on
an H20 target, has reported a value of AL
= (+26.5 +6.0+3.6) X10 7. This value is in agree-
ment 'o with theoretical work based on quark-quark
and wave-function renormalization" models, but it is
more than an order of magnitude larger than predic-
tions of meson-exchange models' ' for N-1~/scatter-
ing. Our group has recently reported'6 a measurement
of AL = (+ 1.7 + 3.3 + 1.4) x 10 7 for 800-MeV pro-
tons on an H20 target. The 800-MeV work reported
here is the highest-energy measurement of AL for
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FIG. 1. Schematic of experimental setup. Ion chambers
I1 and I2 measure the transmission of the liquid-hydrogen
target T. Multi~ire chambers % measure beam position and
profile. Polarimeters P1 and P2, and CH2 scanning-po-
larimeter target ST measure polarization. Beam position is
servo stabilized by use of position signals from split-collector
ion chambers S.

p~, -p scattering to date, and it achieves a sensitivity in
the measured value, AL = (+2.4 +1.1 +0.1) X 10

The experiment was performed with the Clinton P.
Anderson Meson Physics Facility (LAMPF) polarized
H beam. Polarized H ions were produced in a
Lamb-shift-type ion source. '7 Neutral hydrogen at-
oms, initially polarized in the spin-filter region of the
source, had their polarization reversed at 30 Hz by a
weak magnetic field. Beam pulses were of 500-p, s
duration with a 120-Hz repetition rate. The proton-
beam intensity ranged from 1 to 5 nA, and average po-
larization was 70%.

The layout of the apparatus is shown in Fig. 1, The
transmission of protons through a 1-m-long liquid-hy-
drogen (LH2) target was measured by two integrating
ion chambers (Il and I2), located upstream and down-
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stream of the target. The statistical sensitivity of the
measurement was limited by the available beam inten-
sity as well as by detector noise due to nuclear spalla-
tion reactions in ion-chamber surfaces. To reduce the
second effect, we developed and used spallation-
minimizing ion chambers. ts

For the two helicity states of the beam, the fraction-
al change in transmission, Z, was determined from the
analog difference of the Il and I2 signals. This differ-
ence signal was amplified before digitization to reduce
round-off error. For each group of four pulses the
quantity Z = ( T+ —T )/( T+ + T ) was calculated,
where T+ ( T ) is the average transmission for a pair
of + ( —) helicity pulses. The helicity reversal pat-
tern for the group of four pulses was + ——+ to
reduce the effects of drifts and to remove 60-Hz ef-
fects. At the end of a run, which consisted typically of
4x105 pulses, an average of Z was calculated and a
statistical uncertainty was computed from the fluctua-
tions of Z. The longitudinal asymmetry is AL
= Z/(P lnT), where P is the magnitude of the beam
polarization and T is the average transmission of the
target. For this experiment P=Q.7 and T=0.85,
resulting in a value of 1/(P ln T) of —8.8. Hence to
attain a sensitivity in AL of 10, a measurement of Z
with a sensitivity of nearly 10 s was necessary.

Any characteristics of the proton beam that change
when the helicity is reversed may affect the transmis-
sion measurement and give rise to a spurious PNC sig-
nal. We therefore monitored the beam position, in-

tensity, size, and net transverse polarization (T~i) for
every pulse. In addition, the transverse-polarization
distribution across the beam profile was sampled near
the defining aperture (I2) to determine the first mo-
ment of transverse polarization across the beam profile
(C~,). A reversing T~, induces a spurious PNC sig-
nal if the beam is displaced from the symmetry axis of
the transmission detectors. A nonzero value of C~i
can result in an unwanted contribution to Z even if
T~t = 0 and the beam is on the symmetry axis. "9

The placement of the detectors that measure
changes in beam properties is shown in Fig. 1. In-
tegrating multiwire ion chambers, W, monitored
beam position and size for each pulse. Split-collector
ion chambers, S, also monitored beam position and
were part of a dual-loop feedback system that stabi-
lized the average beam position and incident angle. A
four-arm polarimeter, Pl, used the LH2 target as an
analyzer to measure T~i in the beam. A second polar-
imeter utilized a narrow target, ST, that continuously
scanned the beam profile to measure Cp„. The
upstream ion chamber of the transmission measure-
ment recorded intensity variations of the incident
beam.

To cancel contributions to AL from beam changes
uncorrelated to the beam helicity, the experiment was

run for equal time periods in two different operating
configurations (Wand R) of the spin filter'7 in the po-
larized source. In both configurations protons exiting
from the source were longitudinally polarized, but pos-
itive helicity for the W and R configurations occurred
during opposite phases of the spin-flip field of the
source. The combination (Zz —Zq)/2 measures the
longitudinal asymmetry while canceling some sys-
tematic effects and is referred to as the PNC signal.
The combination (Z~+ Zz)/2, called HI, is expected
to be 0 and serves as a test for unidentified systematic
errors.

The final PNC and HI values of AL are given in
Table I. To correct Z for systematic contributions, its
sensitivities to different systematics were determined.
During the transmission measurement, the 30-Hz
component of each beam systematic was monitored.
Final corrections to Z were applied in the off-line
analysis. Z values were corrected pulse by pulse for
changes in beam intensity, position, and size. Correc-
tions for T~, were made for each group of four pulses,
while corrections for C~i and for unwanted electrical
couplings were applied on a run-by-run basis. As a
further test for unidentified systematic errors, the data

TABLE I. Values of longitudinal asymmetry, AL, and of bean-systematic corrections in units of 10 . The errors in AL and
in the various corrections are not statistically independent.

Quantity

AL (uncorrected)
Corrections to AL.

Position
Intensity
Size
Polarization
Cp I

Electrical pickup
AL (corrected)
AL (shift)

Value

3.0

—0.3
0.8

—0.1

& 0.1

0.1

0.0
2.4

—0.7

PNC
Statistical

1.2

0.3
0.5
0.0
0.0
04
0.0
1.1
1.1

Systematic

0.1

0.1

0, 1

0.0
0.0
0.0
0.1

Value

—5.0

2.7
—7.7

0.2
& 0.1

0.2
—0.6

0.2
—0.3

HI
Statistical

1.2

0.3
0.5
0.0
0.0
0.4
0.0
1.1
1.1

Systematic

0.4
0.8
0.1

0.0
0.0
0.0
0.9

X2 for
151 d.o.f.

301

159
128

1681
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were analyzed for our using a shift in the four-pulse
grouping that eliminates any helicity dependence from
the calculated AL. The resultant value, AL (shift), was
consistent with zero.

We discuss the systematic corrections in more detail:
(i) Intensity. —The sensitivity of Z to intensity modu-

lations was determined with use of an apparatus2' con-
sisting of a set of stripper grids that were moved in and
out of the H beam path to produce a 10'/0 intensity
modulation at 30 Hz. Stripper-grid data were taken as
the dc intensity and size of the beam were varied. An
analysis of these runs indicates a dependence

dZ/dl = Ao+ At 1+ A21 + A3/cr„+ A4a~/o. „,
where I is the beam intensity, cr„(cr~) is the horizon-
tal (vertical) width of the incoming beam, and the A;
are coefficients determined from the data. The terms
containing I result from nonlinearities in the detectors
and electronics. The size-dependent terms are con-
sistent with recombination effects within the cham-
bers.

(ii) Polarization. —During the experiment, contribu-
tions from polarization systematics were minimized by
locating the beam along the symmetry axis of the
transmission detectors. To determine this axis, the
transverse polarization was deliberately increased, and
changes in Z were measured as the beam was scanned
across Il and I2. The position servo-loop system held
the beam on the symmetry axis. As a result, trans-
verse polarization gives the smallest of all systematic
corrections: a correction to AL of & 1 x 10

(iii)Position and size. At each—transmission detec-
tor, position scans were performed to measure the sen-
sitivity of Z to position. The largest measured sensi-
tivity was dZ/dy=1. 3X10 / mm for vertical motion
at the downstream detector. Small corrections for size
variations were calculated from the quadratic com-
ponents in the position dependence of Z. For approxi-
mately one third of all the runs the beam spot fell
mostly on only two wires of the beam-size monitor,
and hence the beam size could not be accurately deter-
mined. Size corrections were not applied for these
runs. In the runs where size corrections were applied,
their contribution to AI was negligible.

(iv)C~I.—Sampling of the transverse-polarization
distribution by the polarimeter-scanning target was re-
peated continuously during a run. A full sampling cy-
cle was completed every 2 min.

(v) Unwanted electrica! couplings 30-Hz .e—lectrical
pickup was kept out of the difference signal in two
ways. First, we used a 15-Hz digital signal to transmit
the helicity-reversal information from the polarized
source to the experiment. Second, optical or analog
isolators were inserted in all important signal paths.
Residual pickup contributions were measured in runs
taken with the beam off.
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FIG. 2. Contours, at the 100/0 and 90"k levels, of typical
scatter plots displaying transmission vs intensity and vs hor-
izontal beam position. Transmission values plotted in the
scatter plots on the right are corrected for variations in posi-
tion, intensity, and size. Comparison with the plots on the
left, of uncorrected data, shows that application of the
corrections removes the correlations.

Table I lists the corrections made to AL for each sys-
tematic error. Applying the corrections improves the
consistency of the data in several ways. First, within
each run, corrected data have decreased pulse-to-pulse
fluctuations in AI. Figure 2 demonstrates that the
correlations between Z and beam position and intensi-
ty are removed by application of the experimentally
determined corrections. Second, when the data from
all runs are tested for the hypothesis that the HI signal
is 0 and that the PNC has a definite value, the X2 value
for the corrected data is nearly a factor of 2 smaller
than X2 for the uncorrected data. The corrected HI
result is consistent with 0.

The measured parity-nonconserving longitudinal
asymmetry is

AL = [+2.4 + 1.1(statistical)

+ 0.1(systematic) ] x 10

This result can be compared with a surprisingly large
range of values among published predictions for the
asymmetry at 800 MeV. Calculations based on the
model of meson exchange between nucleons correctly
predict small, negative values of AL at energies below
200 MeV. However, because the authors use different
parametrizations of the strong nucleon-nucleon in-
teraction, the predicted energy dependence of AL
above meson-production threshold shows a large var-
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iation. At 800 MeV the predicted values for AL

range from ( —8 x 10 ~) '4 to (+3 && 10 7) '3 with

intermediate values of ( —0.2x 10 7) '5 and (+2
&& 10 7).'2 Additional values come from other models
that have been used to calculate AL at 800 MeV. A
hybrid-quark model7 predicts a value ~ I x 10 s, and

the wave-function renormalization model, 23 ~4 predicts
a large positive value (+18&10 ). If the high-

energy quark-quark model25 is extrapolated down to
800 MeV, the result is +2x 10 7. No theoretical ap-

proach describes the energy dependence of p~i-
nucleon scattering at all energies. The meson-
exchange approach can explain experimental results at
energies up to 800 MeV, but underestimates the 6-
GeV/c result. The QCD approach is consistent with

the 6-GeV/c result as well as the 800-MeV experiment
reported here, but is not applicable at low energies.
Our experimental result provides a test that discrim-

inates among the available predictions; it will also con-
strain future efforts to describe the energy dependence
of AL.
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